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to explain this and other phenomena, his views were subjected
to much criticism. Arrhenius and Madsen put forward the view
that the toxin-antitoxin reaction was closely allied to the reaction
between weak acids and alkalies. They compared their results
with those obtained during the reaction between boric acid and
ammonia, in which an equilibrium is established according to
the law of mass action. This chemical theory does not, how-
ever, explain satisfactorily the Danysz phenomenon or the limited
degree of dissociation of toxin-antitoxin mixtures following
dilution.
Bordet suggested a more probable theory, which was mainly
founded on physical grounds ; it explained the various pheno-
mena on the basis of adsorption. A chemical factor was later
introduced to explain specificity. The smaller toxin molecule is
considered to be adsorbed on the surface of the larger antitoxin
molecule. Antitoxin-toxin neutralization was thus analogous to
the unions of two coDoids, and he compared it with the adsorp-
tive action of filter paper on dyes. If the intact filter paper is
added to the dye, it becomes stained uniformly ; if, however,
the paper is torn in strips and is added strip by strip, the first
strips will be stained much deeper than the last ones.
While the adsorption theory of Bordet appears the most satis-
factory and offers a reasonable explanation for Danysz's and
Ehrlich's phenomena, it does nothing to explain the marked
specificity of the reaction. It may probably be that some other
factor is also involved in the reaction, but definite evidence of this
is lacking.
The Standardization of the Reagents. The great importance
of antitoxin in passive immunization and the recent advance in
active prophylaxis with toxins and toxoids indicate the necessity
for the accurate standardization of these substances. This is a
matter of some difficulty, owing to the variable factors involved,
and it is doubtful whether reliance should be placed on any
single method.
Ehrlich, as previously noted, introduced a number of arbitrary
units, some of which are still employed for titration purposes.
The M.L.D. of a toxin was the unit used extensively by Ehrlich,
but it is now considered a very unsatisfactory standard. It is
known that toxins lose their toxicity, but retain their combining
power on keeping ; the use of this unit as a basis of standardiza-
tion is consequently liable to produce irregularities. Antitoxic
seruna shows little variation in activity over periods of time, par-